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ABSTRACT 

I n  o r d e r  t o  f o r m a l i z e  t h e  s c i e n t i f i c  and o p e r a t i o n a l  

advances  t h a t  a r e  e x p e c t e d  t o  o c c u r  t h r o u g h o u t  a nominal  l u n a r  

e x p l o r a t i o n  program, i t  i s  d e s i r a b l e  t o  have  f i r s t  approx ima t ion  

m i s s i o n  p l a n s  t o  u s e  as a b a s e l i n e .  I n  t h i s  s t u d y  t h e  r e s u l t s  

t h a t  can b e  e x p e c t e d ,  u t i l i z i n g  b a s i c  Apol lo  c a p a b i l i t y ,  f rom 

a p r o p o s e d  t h i r d  l u n a r  l a n d i n g  m i s s i o n  (LLM-3) a r e  c o n s i d e r e d  

i n  terms of a s p e c i f i c  s i t e  and some c o n s e r v a t i v e  a s s u m p t i o n s .  

Us ing  less  c o n s e r v a t i v e  a s sumpt ions ,  t h e  r e s u l t s  c o u l d  app ly  
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I .  I N T R O D U C T I O N  

I n  o r d e r  t o  f o r m a l i z e  t h e  s c i e n t i f i c  and o p e r a t i o n a l  
advances  t h a t  are  expec ted  to o c c u r  t h r o u g h o u t  a nominal  
l u n a r  e x p l o r a t i o n  program (Ref .  1) , i t  i s  d e s i r a b l e  t o  have 
f i r s t  a p p r o x i m a t i o n  m i s s i o n  p l a n s  to use  as a b a s e l i n e .  I n  
t h i s  s t u d y  t h e  r e s u l t s  t h a t  can b e  e x p e c t e d ,  u t i l i z i n g  b a s i c  
Apo l lo  c a p a b i l i t v  .. from a p roposed  t h i r d  l u n a r  l a n d i n g  m i s s i o n  
(LLM-3) are  c o n s i d e r e d  i n  terms of  a s p e c i f i c  s i t e  and some 
c o n s e r v a t i v e  a s sumpt ions .  Using l e s s  c o n s e r v a t i v e  a s sumpt ions  , 
t h e  r e s u l t s  c o u l d  app ly  t o  a second  m i s s i o n ,  LLM-2. 

No a t t e m p t  was made t o  i n c o r p o r a t e  t h e  e f f e c t s  o f  
r e a l  t i m e  m i s s i o n  c o n t r o l  o r  a l t e r n a t e  t i m e l i n e s  based  on 
d e c i s i o n  p o i n t s .  It i s  r e c o g n i z e d  t h a t  t h e s e  d e t a i l e d  c o n s i d e r a -  
t i o n s  would g r e a t l y  i n c r e a s e  t h e  v e r s a t i l i t y ,  and hence ,  t h e  
p o s s i b l e  s c i e n t i f i c  r e t u r n  of t h e  m i s s i o n .  

11. ASS UMP T I  O N S  

I n  g e n e r a l ,  t h e  m i s s i o n  p l a n  i s  based upon p r e s e n t  
Apol lo  c a p a b i l i t i e s  and ground r u l e s .  The one e x c e p t i o n  i s  
t h a t  t h e  r e d e s i g n a t i o n  c a p a b i l i t y  (presumably  t e s t e d  i n  LLM-2) 
i s  u s e d  t o  l a n d  w i t h i n  ~ 1 0 0  m o f  a p r e s e l e c t e d  s p o t .  The u s e  
o f  LM f u e l  r e s e r v e s  t o  do t h i s  must b e  j u s t i f i e d  by t h e  
e x p e r i e n c e  o f  p r e v i o u s  m i s s i o n s .  

S t a y  t ime :  A 35 hour l u n a r  s t a y  t i m e  i s  assumed 
w i t h  3 EVA'S and  b o t h  a s t r o n a u t s  o u t  s i m u l t a n e o u s l y .  An EVA 
i s  assumed t o  be  3 hour s  l o n g  from e x i t  to i n g r e s s ,  Based on 
p r e s e n t  e s t i m a t e s  of  oxygen consumption,  t h i s  l e a v e s  a one 
h o u r  s a f e t y  margin .  

M o b i l i t y :  A l l  t r a v e l i n g  i s  on f o o t  a t  a nominal  
r a t e  of 3 km/hr. A c o n s t r a i n t  imposed by t h e  emergency oxygen 
s y s t e m  i s  a 1 km r a d i u s  enve lope  c e n t e r e d  on t h e  LM. T h i s  may 
n e e d  t o  be  r educed  s l i g h t l y  due t o  rough t e r r a i n  e x p e c t e d  a t  
t h e  LLM-3 l a n d i n g  s i t e .  

P a y l o a d :  The d e s c e n t  p a y l o a d  w i l l  c o n s i s t  e s s e n t i a l l y  
of  t h e  ALSEP c o n f i g u r a t i o n  "B", which i n c l u d e s  t h e  p a s s i v e  
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s e i s m i c ,  h e a t  f l o w ,  c o l d  ca thode  gauge ,  and  cha rged  p a r t i c l e  
e x p e r i m e n t s .  The a s c e n t  pay load  w i l l  c o n s i s t  o f  a p p r o x i m a t e l y  
50 l b s  of r o c k  samples  ( i n c l u d i n g  t h e  c o r e  f rom one of  t h e  
h e a t  f l ow h o l e s ) ,  and  abou t  15 l b s  of  t a p e  and f i l m  ( t h e  r e s t  
o f  t h e  g r o s s  p a y l o a d  of 1 0 0  lbs i s  p a c k i n g  and  c o n t a i n e r  w e i g h t ) .  

S i t e :  A l a n d i n g  s i t e  a d j a c e n t  t o  t h e  r i d g e  s y s t e m  
s e e n  i n  Apo l lo  s i t e  I11 P11 (36"W 3"s) was chosen f o r  t h e  
p u r p o s e s  o f  t h i s  s t u d y .  Ridges a r e  a r e l a t i v e l y  common 
f e a t u r e  of t h e  maria, and s i n c e  many t e n d  t o  r u n  p a r a l l e l  
t o  t h e  l u n a r  g r i d ,  a d e t a i l e d  s t u d y  of  one may s h e d  l i g h t  on 
t h e  t e c t o n i c  h i s t o r y  of  t h e  moon. A l t e r n a t i v e l y ,  i f  t h e y  a r e  
e x t r u s i v e  i n  n a t u r e ,  t h e i r  o r i g i n  may r e l a t e  t o  v o l c a n i c  
a c t i v i t y  and d i f f e r e n t i a t i o n  w i t h i n  t h e  moon. 

111. OBJECTIVES 

The g e n e r a l  s c i e n t i f i c  o b j e c t i v e  of  a l l  Apol lo  l u n a r  
l a n d i n g  m i s s i o n s  i s  t o  g a t h e r  g e o p h y s i c a l  and g e o l o g i c  da ta  
on t h e  moon and i t s  e n v i r o n s  t h r o u g h  t h e  u s e  o f  emplaced 
s c i e n t i f i c  s t a t i o n s  (ALSEP) and a s t r o n a u t  m o b i l i t y  and ob- 
s e r v a t i o n a l  c a p a b i l i t y .  O p e r a t i o n a l l y ,  e a c h  m i s s i o n  s h o u l d  
i n c r e a s e  t h e  Apol lo  l u n a r  e x p l o r a t i o n  c a p a b i l i t y  by  e x t e n d i n g  
e x p l o r a t i o n  t e c h n i q u e s  and v e r i f y i n g  t h e  o p e r a t i o n  and r e l i -  
a b i l i t y  of t h e  ha rdware .  

S p e c i f i c a l l y ,  t h e  o b j e c t i v e s  of LLM-3 would b e :  
1) t o  u se  t h e  LM r e d e s i g n a t i o n  c a p a b i l i t y  by l a n d i n g  t o  a 
p o i n t ,  2 )  t o  deploy  ALSEP, and 3 )  t o  conduct  g e o l o g i c  t r a v e r s e s  
and  c o l l e c t  s o i l  and rock  samples .  

The f i r s t  o b j e c t i v e  would be a c h i e v e d  by l a n d i n g  
w i t h i n  a . 2 5  km area (%200 m diameter c i r c l e )  as opposed t o  
t he  99% Apol lo  l a n d i n g  e l l i p s e  o f  2 6 3  km . F i g u r e  1 shows 
an  O r b i t e r  V h i g h  r e s o l u t i o n  p i c t u r e  of  t h e  s i t e .  The a d j a c e n t  
c r a t e r  w i l l  p r o v i d e  a v i s u a l  landmark d u r i n g  t h e  t e r m i n a l  
d e s c e n t  phase  as w e l l  as a p o s s i b l e  f r e s h  e x p o s u r e  o f  t h e  
m a r e / r i d g e  c o n t a c t .  

2 
2 

The second  and  t h i r d  o b j e c t i v e s  would b e  a c h i e v e d  
d u r i n g  t h e  1 8  man h o u r s  o f  e x t r a v e h i c u l a r  t i m e .  T a b l e  I 
shows approx ima te  t i m e l i n e s  f o r  t h e  t h r e e  E V A ' S .  I n  t h e  
f i r s t  EVA t h e  LM checkout  i s  accompl i shed  and  ALSEP i s  
dep loyed .  The t i m e s  l i s t e d  for comple t ion  o f  t h e s e  t a s k s  
are  ve ry  c r u d e  es t imates  s i n c e ,  a t  p r e s e n t ,  t h e r e  i s  l i t t l e  
h a r d  data on p r o b a b l e  l u n a r  work r a t e s  i n  a s u i t e d  c o n d i t i o n .  
P r e v i o u s  l u n a r  l a n d i n g s  w i l l ,  o f  c o u r s e ,  a l l o w  more e x a c t  
es t imates  t o  be made, e s p e c i a l l y  w i t h  r e g a r d  t o  d r i l l i n g  
r a t e s  i n  t h e  l u n a r  s u r f a c e .  Note t h a t  n e a r  t h e  end 
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o f  EVA I and I1 t h e  f e a s i b i l i t y  o f  t h e  p r i m a r y  t a s k  i n  +,he 
f o l l o w i n g  EVA i s  c o n s i d e r e d .  P r i m a r i l y ,  t h i s  i s  t o  p r o v i d e  
f o r  r e a l  t i m e  changes i n  t h e  m i s s i o n  p l a n  s h o u l d  t hese  tasks  
a p p e a r  u n s a f e  or i m p o s s i b l e .  

EVA'S  I1 and I11 a r e  devo ted  t o  s a m p l e  c o l l e c t i n g  
and g e o l o g i c  t r a v e r s e s  as shown on F i g .  2 .  An Apol lo  ground 
r u l e  c o n s t r a i n s  a s t r o n a u t  "A" ( w i t h  LM RF l i n k )  t o  r ema in  
i n  l i n e  of s i g h t  o f  t h e  LM whi l e  "B'' must remain  i n  l i n e  o f  
s i g h t  of " A " .  Al though t h e  proposed  t r a v e r s e s  were l a i d  o u t  
w i t h  t h i s  c o n s t r a i n t  i n  mind, u n c e r t a i n t i e s  i n  t h e  es t imates  
o f  s l o p e s  and e l e v a t i o n s  may r e q u i r e  p roposed  t r a v e r s e s  to be 
a l t e r e d  s o  as n o t  to v i o l a t e  t h i s  ground r u l e .  

The f i r s t  t r a v e r s e  i n c l u d e s  an  i n v e s t i g a t i o n  o f  t h e  
wes t  wal l  o f  t h e  c r a t e r .  It s h o u l d  b e  p o s s i b l e  t o  d e t e r m i n e  
w h e t h e r  t h i s  c r a t e r  p o s t d a t e s  t h e  r i d g e  o r  n o t .  If i t  does ,  
t h e n  t h e  t e r r a c e - l i k e  s t r u c t u r e s  v i s i b l e  i n  t h e  c r a t e r  ( F i g .  1) 
may be caused  by  e x t r u s i v e  e v e n t s  r e l a t e d  t o  t h e  f o r m a t i o n  o f  
t h e  r i d g e .  The numerous b l o c k s  o f  e j e c t a  a round  t h e  c r a t e r  
may p r o v i d e  samples  o f  t h e  r i d g e  mater ia l  o r  t h e  mare s u b s u r f a c e .  

The second  t r a v e r s e  would b e  ma in ly  a d e t a i l e d  
e x a m i n a t i o n  o f  t h e  r i d g e  i t s e l f .  A s t r o n a u t  "B" would be 
r e s p o n s i b l e  f o r  t h e  major  p a r t  o f  t h e  e x p l o r a t i o n  s i n c e  ' 'A' '  
would be l i m i t e d  i n  m o b i l i t y  due t o  t h e  communicat ions l i n k  
c o n s t r a i n t .  Among t h e  f e a t u r e s  t o  b e  i n v e s t i g a t e d  on " B " ' s  
t r a v e r s e  would be t h e  f r e s h  c r a t e r  n e a r  t h e  edge o f  t h e  r i d g e  
which h o p e f u l l y  has exposed  f r e s h  r i d g e  m a t e r i a l .  P robab ly  
t h e  most c r u c i a l  data  p e r t i n e n t  t o  t h e  q u e s t i o n  o f  t h e  o r i g i n  
of  t h e  r i d g e  would b e  t h e  compos i t ion  o f  t h e  r i d g e  mater ia l  
compared t o  nea rby  mare m a t e r i a l .  S i m i l a r  c o m p o s i t i o n s  would 
i n d i c a t e  a t e c t o n i c  or o r o g e n i c  o r i g i n ,  w h i l e  s i g n i f i c a n t l y  
d i f f e r e n t  compos i t ions  would i n d i c a t e  a magmatic o r i g i n .  

From t h e  r i d g e  c r a t e r ,  "B'l would p r o c e e d  down a small  
v a l l e y  back toward  t h e  mare. A f a i n t  g round p a t t e r n  i n  t h i s  
r e g i o n  and t h e  p s e u d o - d e l t a  s t r u c t u r e s ,  where t h e  v a l l e y  opens 
o u t  o n t o  t h e  mare f l o o r ,  Sugges t  t h a t  s o i l  mass movement 
may have t a k e n  p l a c e  h e r e  on a f a i r l y  l a r g e  s c a l e ,  

It i s  f e l t  t h a t  t h e s e  t i m e l i n e s  r e p r e s e n t  a r e a l i s t i c  
s e t  o f  s c i e n t i f i c  o b j e c t i v e s  due t o  t h e  c o n s e r v a t i s m  b u i l t  
i n t o  t h e  es t imates  o f  m e t a b o l i c  r a t e s  and  EVA d u r a t i o n .  Also  
one of  t h e  a s t r o n a u t s  w i l l  p robab ly  have had l u n a r  s u r f a c e  
e x p e r i e n c e  which s h o u l d  f a c i l i t a t e  t h e  i n i t i a l  p r o c e d u r e s  
and  h i s  a c c l i m a t i z a t i o n  t o  t he  l u n a r  env i ronmen t .  It s h o u l d  b e  
emphas ized  a g a i n ,  however ,  t h a t  t h e  a c t u a l  m i s s i o n  p l a n  must 
be  f l e x i b l e  enough t o  accommodate a c t i v e  r e a l  t i m e  s u p p o r t  



BELLCOMM, I N C .  - 4 -  

f rom a s c i e n t i f i c ,  as w e l l  a s  a n  o p e r a t i o n a l  s t a n d p o i n t  
i n  o r d e r  to b e s t  u t i l i z e  t h e  a s t r o n a u t s  s u r f a c e  t i m e .  The 
p l a n  p r e s e n t e d  h e r e  i s  merely t o  p r o v i d e  some f e e l i n g  f o r  what 
can  b e  g a i n e d  s c i e n t i f i c a l l y  f rom s h o r t  r ange  e x p l o r a t o r y  
t r a v e r s e s  on e a r l y  Apollo m i s s i o n s  and t o  i n d i c a t e  what ad- 
v a n t a g e s  a c c r u e  from u t i l i z i n g  t h e  r e d e s i g n a t i o n  and s t a y t i m e  
c a p a b i l i t y  o f  t h e  LM. 

1 0  1 2  -MTY -ks e 

At tachments  
F i g u r e s  1 and 2 
T a b l e  1 

M .  T .  Ya te s  
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TABLE 1 

ZXTRAVEHICULAR ACTIVITIES TIMELINES 

E V A  1 

s L r o n a u t  "B" I 
I A s t r o n a u t  " A "  

LM e x t e r n a l  i n z p c c t i o n  I Determine ALSEP 
and photography - t:11<c deployment s i t e  - 
continy;c ncy samp1.r:  I l o c a t e  c r a t e r  

Deploy and e m c t  F-b.and Open SEQ and remove 
antenna  I s u b p a l l e t s  

I 

F~ic 1 RTG and depl oy ALSEP 

ProcLcd t o  c r a t c r  and E v a l u a t e  
p o s r i b i l i t y  o f  d e c c e n t  - 
r t i i r n  t o  LM 

E V A  2 

Elapsed  Time 
H r s .  Min. 

I 'roceed a l o n g  w e s t e r n  r i m  of c r a t e r  - 
observe  c o n t a c t  w i t h  r i d g e  - 
c o l l e c t  sarnrllcs 0 

Monitors  prog1.ee.c. of "B" ' I f  p o s s i b l e  desccinds i n t o  
I c r a t e r - e x a m i n e s  w a l l  s t r u c t u r e  
I i n  d e t a i l  - photog-caph 1 

cit)ser;ve natupe of c o n t a c t  and sample 1 
Proceed a l v n g  edge of r i d g e  - 

R;-turn t o  LM a l o n g  r idge/mare c o n t a c t  - 
c:ol lect  samples of e j e c t a - e v a l u a t e  
p o s s i b l e  a s c e n t  of r i d g e  2 

Stow samples i n  SRC and r e e n t e r ;  LM 3 

30 

00 

30 

30 

00 

Astronaut  " A "  

E V A  3 

Eln1)r;ed Time 
Aztronaut  "B" H r s .  Min. 

I f  p o s s i b l e ,  ascend  r i d g e .  

Rrmains on edp;=. of r j d g e  I Proceeds o n t o  r i d g e ,  l o c a t e s ,  
a s  communicn 1, ion:  1 i n k  samples, and photographs  

Proceeds a l o y ;  I ~ i g e  
p a r a l l e l  t o  B" s t r u c t u r e  o n t o  lower t e r r a c e  

Photograph r i d g e  s l o p e ,  c r a t e r ,  LM 0 

I f r e s h  c r a t e r s  i n  r i d g c  1 

I Proceeds down canyon- I i Itc 

I of r idge .  Observe r i d g e  
s t r u c t u r e s ,  p o s s i b l e  downhi l l  I s o i l  movement 2 

Proceed a c r o s s  mare f l o o r  t o  LM, 
p a s s i n g  t o  t h e  e a s t  o f  c r a t e r  2 

Stow camples ,  f i l m ,  t r a n s f e r  t o  
c a b i n .  E n t e r  LM 3 
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30 
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